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REMARKS 

Claims M29, 183, 2.32, 255 and 278 are pending. The Office Action of October 2, 2005, 
presents the examination of claims 67, 73-76, 255 and 278, Claims 1-66, -72, 77^129, 183 and 
232 are withdrawn subsequent to restriction. 

Restriction maintained 

The Examiner maintains her position that the restriction requirement is proper, whereas 
Applicants strongly disagree, and again assert that the restriction requirement is in fact merely an 
election of species* Furthermore, even if the restriction is properly presented, the Examiner will 
have to examine additional species should the linking claims 67 and 73 be found allowable. 

The Examiner asserts that the restriction groups 1-47 ar e not merely separ ate species of a 
generic invention because they do not meet the requirements of a Markush group. That is, the 
members of the claims 1-47 do not have a substantial structural feature in common or they do not 
have a common utility. The Examiner's position is that the "cytokine and the T-cell epitope or 
the different viruses do not share a common utility or a common structural feature essential to 
that utility." The Examiner is not correct. 

The various viruses of the present invention include as a common structural feature a 
genome or antigenome (hereinafter merely "genome") comprising a genome of a HPIV2 virus 
into which has been inserted a foreign gene of another pathogen. By analogy to more traditional 
pharmaceutical compounds, the HPIV2 viral genome constitutes the "pharmacophore" that might 
be visualized as the "central" structure of the drug, e g, a fused ring system, and the distinct 
inserted foreign genes inserted into the viral genome constitute the different "R" groups that 
would be appended to the ring system. The various point mutations in the viral genome might be 
considered analogous to insertion of different heteroatoms into the ring system. 

All of these components contribute to the "common function" of presenting epitopes of 
the recombinant virus to the host immune sytem so as to induce an immune response to a 
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pathogen in the immunized host while at the same time limiting viral reproduction in the host 
(attenuation) so as to prevent disease caused by the viral vector itself 

Since the various viruses presently claimed do share a common structural element and a 
common function, consideration of the present restriction requirement as an election of species is 
the more proper approach to initial examination and the instant restriction requirement should be 
vacated. 

Rejections under 35 U.5.C. § 1 12, first paragraph 

Claims 75 and 76 stand rejected under 35 U..S,C. § 112, first paragraph, for alleged 
failure of the specification to provide enabling disclosure of the full scope of the claimed 
invention. The Examiner is requiring deposit of the vims HPIV3 JS cp45 under the terms and 
conditions of the Budapest Treaty. 

The required deposit has in fact been made prior to filing of this application in connection 
with a different, commonly owned, US, Patent application, A copy of the receipt for deposit of 
the strain is attached hereto and the required Declaration regarding availability of the deposit will 
be filed in a supplement to this response. Applicants submit that the filing of this Declaration 
will obviate this ground of rejection. 

Rejection under 35 U.S.C. § 102 

Claims 67, 73-75, 255 and 278 stand rejected under 35 U.S.C § 102(b) as being 
anticipated by Murphy et al WO 1 078, This rejection is respectfully traversed. Reconsideration 
and withdrawal thereof are requested. 

The present claim 67 recites: 

An infectious, selfreplicating, recombinant human parainfluenza virus type 2 
(HPIV2) comprising a PIV major nucleocapsid (N) protein, a PIV nucleocapsid 
phosphoprotein (P) a PIV large polymerase protein (L) and a partial or complete, 
poiyhexameric recombinant HPIV2 genome or antigenome. 
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The essence of the instant rejection is that the recitation in claim 67 that the partial or 
complete recombinant HPIV2 genome is "polyhexameric" has been deemed to describe a 
property of HPIV2 that is inherent to the virus. 

A property of a composition or system that is "inherent" is one that is a necessary result 
of the structure of the composition or circumstances of the system. It is not enough that the 
result is one that is possible, or even highly probable; the "inherent" result must occur See, e.g. 
Ex parte Vender Wal and Van Akkeren, 109 USPQ 1 19 (BPAI 1955); In Hansgirg v. Kemmer, 
40 USPQ 665, 667 (CCPA 1 93 9)("Inherency, however, may not be established by probabilities 
or possibilities. The mere fact that a certain thing may result from a given set of circumstances is 
not sufficient/') 

In the present instance, the Examiner should consider that while Murphy c 078 shows 
experimental results demonstrating that replication of a minigenome using HPIV3 replication 
signals at the 5' and 3' ends of the virus is highest if the length of the minigenome is a multiple 
of six nucleotides in length, the data also show significant replication occurs at lengths that are 
not multiples of six. See, Fig, 5B of the reference, at data points +1 and +3. Therefore, Murphy 
( 078 teaches that a HPIV virus having a length that is not a multiple of six nucleotides will 
replicate, although at a lower rate compared to a polyhexameric virus. 

Furthermore, at the time the invention was made, it was not established that HPIV2 
followed the "rule of six" that was deemed the noun for other HPIVs. Attached hereto as 
Exhibit 1 is a copy of a paper by M Kawano et al {Virology 284:99-1 12 (2001)). At pp. 105- 
106 of this paper, the authors discuss that under some circumstances, a HPIV2 vims having a 
genome length that is not an even multiple of six nucleotides could be isolated and could 
replicate efficiently in cultured cells, and state that HPIV2 "does not appear to absolutely obey to 
the 'rule of six,' suggesting that 6n length genome has less significance in Rubiilaviriis than in 
Respirovirus" 

Thus, that HPIV2 should have a polyhexameric genome was not established as a fact at 
the time the present application was filed, and a polyhexameric genome or antigenome should 
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not be considered an inherent property of a HPIV2 virus. Accordingly, Murphy 4 078 should not 
be taken to disclose a polyhexameric genome (or antigenome) as an inherent property of HPIV2, 
and the instant rejection should be withdrawn. 



In view of the above arguments, applicant believes the pending application is in condition 
for allowance, 



Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Mark J, Nuell Reg, No, 36,623 at 
the telephone number of the undersigned below, to conduct an interview in an effort to expedite 
prosecution in connection with the present application. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.CF.R, §§1.16 or 1.14; particularly, extension of time fees. 

Dated: March 30, 2007 Respectfully submitted, 

B y /^^^iZQ_ 

MaAJ.fcmell 
Registration No. : 36,623 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
81 10 Gatehouse Road 
Suite 100 East 
RO. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorney for Applicant 
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Recovery of Infectious Human Parainfluenza Type 2 Virus from cDNA Clones and Properties 
of the Defective Virus without V-Specific Cysteine-Rich Domain 
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A fulhlength cDNA clone was constructed from the genome of the human parainfluenza type 2 virus (hPIV2) First, Vero 
celts were infected with recombinant vaccinia virus expressing T7 RNA polymerase, and then the plasmid encoding the 
antigenome sequence was transfected into Vero cells together with polymerase unit plasmids, NP, P, and L, which were under 
control of the T7 polymerase promoter Subsequently, the transfected cells were coculiured with fresh Vero cells Rescue of 
recombinant hPlV2 (rPJV2) from cDNA clone was demonstrated by finding the introduced genetic tag As an application of 
reverse genetics, we introduced one nucleotide change (UCU to ACU) to immediate downstream of the RNA-editing site of 
the V gene in the fulhlength hPW2 cDNA and were able to obtain infectious viruses [rPIV2V(-)J from the cDNA. The rP!V2VH 
possessed a defective V protein that did not have the unique cysteine-rich domain in its carboxyl terminus (the V-protein- 
specific domain) The rPfV2V(-) showed no growth in CV-1 and FL cells Replication of the rPIV2V{-) in these ceils, however, 
was partially recovered by adding antHnterferon {IFNH3 antibody into the culture medium, showing that the rP!V2V(-} is 
highly sensitive against IFM and that no growth of rPIV2V(-) in CV-1 and FL cells is mainly due to its hypersensitivity to 
endogenously produced I FN These findings indicate that the V-protein-specific domain of hPIV2 is related to I FN resistance 
On the other hand, the rP!V2V(-) efficiency replicated in Vero cells, which are known as a IFN-non-producers However, the 
virus yields of rPIV2V{-) in Vero cells were 10- tolOO-foid lower than those of control rPIV2. although syntheses of the 
viral-specific proteins and their mRNAs in rP!V2VHHnfected Vero cells were augmented up to 48 p.i in comparison with 
those of rPlV2 Furthermore, the rPIV2V(~) virions showed anomalous in size as compared with rPIV2 virions These results 
suggest that the V protein plays an important role in the hP!V2 assembly, maturation, and morphogenesis & 2001 Academic 

Press 



INTRODUCTION 

Human parainfluenza type 2 virus (hP!V2} is one of the 
major human respiratory pathogens and a member of the 
genus Rubulavirus in the family Paramyxoviridae, pos- 
sessing a single-stranded, nonsegmented, and negative- 
stranded RNA genome of -15 6 kb The genome of 
hPIV2 encodes seven mRNAs (Kawano et a/, 1990a™c f 
1991;Ohgimoto etaf, 1990;Yuasa etal, 1991) and has an 
-60-nt leader sequence at 3' end and an -20-nt non- 
coding trailer sequence The gene order is 3'-{)eader)- 
NP-V/P-M-F-HN-L-(trailer)~5' The coding proteins are the 
nucleocapsid (NP), the V (V) and phospho (P), the matrix 
(M), the fusion (F), the hemagglutinin-neuraminidase 
(HN), and the polymerase protein (L) The genomic RNA 
of the virus [viral RNA (vRNA)} is encapsidated with the 
NP proteins, resulting in nuclease-resistant helical nu- 
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cleocapsids, and the nucleocapsids were associated 
with the P and L proteins to form the ribonucfeoprotein 
complex The viral polymerase complex (RNA-dependent 
RNA polymerase), which consists of the L and P proteins, 
is probably thought to be responsible for RNA transcrip- 
tion and replication, termination, and reinitiation at gene 
junction, capping, and poiyadenylating all mRNAs r but 
these have yet to be demonstrated The vRNA also 
serves as a template for the synthesis of a full-length 
positive-sense complementary RNA, which is replicative 
intermediate Most paramyxoviruses have the unique 
property of promoting the transcription of rnRNA contain- 
ing nontemplated insertions at a specific site in the P 
gene carrying a part of viral RNA polymerase (Thomas et 
ai, 1988; Cattaneoefa/, 1989; Vidal etal t 1990; Paterson 
and Lamb, 199G; Qhgimotoef a/, 1990; Kondo etal, 1990; 
Kawano et a/, 1993) In hPIV2 RNA editing, the pseudo- 
templated addition of two G residues produces an rnRNA 
that encodes the protein termed P, while the unedited 
rnRNA that is the exact copy of the P gene encodes the 
V protein 

The construction of functional RNA repiicons from 

0042-6822/01 $35 00 

Copyright 2001 by Acnrtc-nvc PfCtiS 

AH nghis of ft-ppotiuctlon in pry term re&eived 



100 



KAWANO ET AL 



cDNA and the successful recovery of infectious recom- 
binant viruses have greatly facilitated the molecular ge- 
netic analyses of RNA viruses Until recently this tech* 
nology was applicable only to positive-stranded RNA 
viruses because, in contrast to the situation with posi- 
tive-stranded RNA viruses, the deproteinized genomic 
RNA of negative-stranded viruses is not infectious, and 
RNA, with negative or positive polarity, transcribed from 
full-length cDNA clones of the genomes of negative- 
stranded RNA viruses, is not by itself competent to initi- 
ate infection 

An efficient system completely devoid of infectious 
helper virus was first used for vesicular stomatitis virus 
(VSV), a member of the Rhabdoviridae family IntraceHu- 
larly transcribed synthetic RNA corresponding to the 
genome of a nonexpressing natural VSV copyback-type 
defective interfering (Dl) particle was rescued by VSV 
proteins expressed from the plasmids (Pattnaik et af, 
1992) This system employed bacteriophage T7 DNA- 
dependent RNA polymerase, which was expressed cy- 
toplasmically from a vaccinia virus (W) recombinant 
[vTF7-3 (Fuerst et a( f 1986)] TheT7 pofymerase synthe- 
sized Dl particle genomic RNA from circular transcription 
plasmids that were introduced into the cells by transfec- 
tion Finally, in the presence of the complete complement 
of five VSV proteins expressed from the plasmids, the 
repficated Dl RNA transcripts were incorporated into 
infectious Dl particles that budded and were released 
from the cells 

Attempts to manipulate the full-length genome of the 
mononegavirus were facilitated by studies using the 
methods described above These procedures were then 
extended to allow the rescue from the cloned DNA of 
infectious virus The initial success was the recovery of 
rabies virus by Schnell et al (1994) Their methods using 
a plasmid encoding a full-length antigenomic viral RNA 
became a key to recovery of nonsegmented and nega- 
tive-stranded RNA virus from cDNA Application of this 
system led to success of the rescue from the cDNA of 
infectious VSV, measles virus (MV), human respiratory 
syncytial virus {RSV) f Sendai virus (SV), human parainflu- 
enza virus type 3 (PIV3), simian virus 5 (SV5), Newcastle 
disease virus (NDV), and mumps virus (MuV) {Lawson et 
at, 1995; Whelan eta!, 1995; Radecke etai, 1995; Collins 
etai, 1995; Garcin etal. t 1995; Kato etaf, 1996; Hoffman 
and Banerjee, 1997; Durbin ef al, 1997; He etaf, 1997; 
Peeters etai, 1999; Clarke et al, 2000) 

As the applications of reverse genetics to these re- 
combinant viruses, the elimination of alternative gene 
products encoded in the P genes to elucidate their roles 
in viral replication and pathogenesis was carried out 
Recombinant viruses deleting the VSV C/C proteins 
(Kretzschmar et al, 1996), Sendai virus V protein (Kato et 
af, 1997), Sendai virus C/C proteins and C/C7Y1/Y2 
proteins (Garcin et af, 1997; Kurotani et a!, 1998), and 
MV C protein (Radecke et af., 1996) have been gener- 



ated Among these deleting mutant viruses, some muta- 
tions in the Sendai virus showed significant effects on 
viral replication Compared with the wild-type Sendai 
virus in various cell line In vitro, the V protein knockout 
[V(->] virus was found to be either potentiated or com- 
parable but never attenuated. However, the V(-) virus 
showed remarkably attenuated in vivo replication capac- 
ity and pathogenicity for mice (Kato et al., 1997) A point 
mutation in the Sendai virus C proteins attenuated viru- 
lence for mice but not virus growth in cell culture (Garcin 
etai, 1997) The 4C knockout [4CM] Sendai virus, which 
expresses none of the four C proteins, was further atten- 
uated in tissue culture as compared with the C/C'(— ) or 
V(-) virus (Kurotani et al, 1998) 

Furthermore, among the defective C(-~} viruses, only 
the 4C(-) virus eliminated the viral ability to prevent the 
interferon (IFN)-a/j3-mediated responses (Gotoh et al, 
1999) Thus, in the Sendai virus, the antHFN function is 
attributed to the C proteins; Didcock et af. (1999), how- 
ever, have reported that the V protein of simian virus 5 
belonging to the Rubuiavirus inhibits IFN signaling by 
targeting STAT1, which is degraded by the enhanced- 
proteasome activity 

In this report, we described the construction and gen- 
eration of hPIV2 full-length infectious cDNA clones For 
the purpose of studying functions of V protein in the 
Rubuiavirus by using this reverse genetics system, we 
generated a V protein-negative virus by introducing one 
nucleotide change to downstream of the RNA-editing site 
and analyzed its properties 

RESULTS 

Construction of cDNA to hP!V2 genome 

To construct a cDNA clone encoding the full-length 
hPIV2 genome, we attempted to ligate the long RT-PCR 
fragments produced by restriction enzymes, which cut 
one site on cDNA for hPIV2-vRNA We were able to find 
those sites, Sad on V/P gene (2673), Kpn\ on HN gene 
(8137), and 8$tP\ on L gene (10,027} {Fig 1} We synthe- 
sized appropriate oligonucleotide primer pairs as shown 
in Table 1 and performed the RT-PCR using vRNA as a 
template Five overlapping cDNA fragments (Fig 1) syn- 
thesized by RT-PCR were digested by unique restriction 
enzyme in both termini and ligated to similarly digested 
PUC118RVG plasmid vector (see Materials and Meth- 
ods), respectively Then, a plasmid including the full- 
length hPIV2 cDNA genome (pPIV2) was constructed by 
step-wise assembly from these subcloned plasmid 
DNAs Finally, as shown in Fig 1, we constructed pPIV2 
including the hPIV2 full-length cDNA with additional ge- 
netic tag (A/of I) flanked on its left end by a T7 RNA 
polymerase promoter and at the right end by a hepatitis 
delta virus ribozyme followed by a T7 terminator, and 3G 
residues were also inserted before the hPIV2 leader 
sequence for the purpose of increasing the transcription 
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FIG 1 Schematic diagram of the full-length infectious clone. pPIV2 and pPIV2V{~). essential to making an antisense genome RNA The full-length 
cDNA was constructed from five overlapping RT-PCR cDNA fragments, frg 1 (Sell-Notl), frg 2 {Not\~Sac\l frg 3 [Sac\-Kpn\). frg A (Kpn\-Bst?\l and 
frg 5 {BstP\-Sma\) pP|V2 contains the full-length cDNA ol hPJV2 genome and is flanked at one end by a T7 promoter (PT7) and at the other end by 
HDV ribozyme (Ribo) and a T7 terminator {T7-T) pPfV2 contains three extra G residues between PT7 and the hPIVS leader (Le) sequence The Not\ 
site added on NP gene shows the genetic tag found in the recovered viruses The arrow shows one nucleotide change introduced into pPiV2 for 
construction of the plasmids, pPlV2V(~). encoding defective V protein without V specific cysteine-rich C terminus 



efficiency by 17 RNA polymerase Transcription of pPiV2 
by T7 RNA polymerase produced the hPIV2 full-length 
antigenome (4-} sense RNA transcript 

Construction of a hP!V2 genome cDNA-retaining 
defective V gene 

To elucidate the function of the hPIV2 V protein, we 
introduced a TGA stop codon in the V frame, immediate 
downstream of the RNA editing site by mutating 2507 A to 
T (U to A in the genomic sense) in the plasmid pPIV2, 
generating a full-length copy of hP!V2 antigenome {Fig 
I) This mutated plasmid was designated pPIV2V{-)- 
This mutation did not show any effect on the P frame 



Recovery of infectious hPIV2 from cDNA 

To recover infectious recombinant hPIV2 from cDNA, 
Vero cells were infected with a recombinant vaccinia 
virus (MVA) that expresses T7 RNA polymerase and 
causes lower cytopathic effects than vTF7~3 (Wyatt et 
af t 1995), and after 2 h, the cells were transfected with 
pPIV2 together with the plasmids that encode hPIV2 
polymerase units, NP, P t and L proteins The amount of 
each plasmid used for hPIV2 rescue (see Materials and 
Methods} was referred to the success in rescuing infec- 
tious SV5 (He et at, 1997) The recovery procedure was 
as follows; Vero cells cultivated in six-well plates were 
transfected with the above plasmids After 6 h, the me- 



TABLE 1 

Primers Used to Construct the Full-Length cDNA of the PIV2 Genome 



pdmef 1 5'-ACG CGTCG AC TAATACG ACTCACTATA G G G ACCA AGGG G AG AATCAG ATG G-3 1 

Saf\ PT7 Le (21 nt) 

Primer 2 5 1 -ATAGTTTA G CG GCCG C AG ATAG AG AATG ATCAG ATAGTAT- 3 ' 

Motl 

Primer 3 5'-ATMGMTGCGGCCGCATCTCTATTAAGGATATTTCTAGTCTAAAG"3' 

Not\ 

Primer 4 5'-CMGTCCCTTTAAGAGCTCAATGATCTCCTTCA-3' 

Sac\ 

Primer 5 5 r -TGAAGGAGATCATTGAGCTCTTAAAGGGACTTG-3 r 

Sac\ 

Primer 6 5 -ACTTGATAGGACGGTACCCATTGAGCCTCAATG-3' 

Kpn\ 

Primer 7 5'-CATTGAGGCTCMTG GGTACC GTCCTATCAAGT-3' 

Kpn) 

Primer 8 5 * -TTTTCTTTCTAC G GTAACC A TTAATTAAAATTGT-3 1 

BstP\ 

Primer 9 5 ' -ACMTTTTAATTAAT GGTTACC GTAGAAAGAAAA-3' 

BstPt 

Sma\ 

Primer 10 5' TCCCCCGG G CTCCCTTAGCCATCCGAGTGG ACGTGCGTCCTCCTTCGG ATG CCC AGG TCGG ACCGCG AGG A 

GGTGGAGATGCCATGCCGACCCA CCMGGGGAAMTCMTATGTTTTTC -3' 
Ribo (84 nt) Tr (27 nt) 
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dium was changed followed by incubation for a further 
40 h The cells were harvested and cocultured with fresh 
Vero cells After 48 h-incubation, the media were har- 
vested and then inoculated into Vero cells, which were 
further incubated for 48 h The supernatant was filtered 
through 0 22-juM filter to remove vaccinia virus and was 
used to further infect Vero cells After incubation for 24 h, 
large numbers of typical foci of hP!V2-induced syncytia 
with hemadsorption activity were observed (data not 
shown) The virus rescue from pP!V2V{-) cDNA was per- 
formed according to almost the same methods de- 
scribed above, but the cocultures of transfected cells 
with fresh Vero cells were done twice every 48 h before 
harvest of the media 

Identification of virus rescue by RT-PCR and Western 
blot assay 

To investigate whether the infectious viruses were 
produced from the cDNA, we purified reverse-tran- 
scribed vRNA from putative rPIV2- or rPIV2V(-)-infected 
cells using primers that annealed close to the genetic 
tag {A/of I site) introduced at nt 126 to 137 The RT prod- 
ucts were then amplified by PGR using a second primer 
to generate a fragment covering the genetic tag As 
shown in Fig 2A, an appropriately sized DNA fragment 
(385 bp) was found only in complete reaction When RT 
was omitted from the reaction, no proper-size PCR prod- 
uct was found (data not shown) Restriction endonucle- 
ase digestion by Not\ showed that the expected Afofl site 
was present in the RT-PCR fragment derived from vRNA 
of either a putative rP)V2 or rP(V2V(-) but not in that from 
parental hPIV2 Furthermore, the nucleotide sequencing 
of the RT-PCR fragments proved the existence of the 
additional Not\ site in the rPIV2 and rPIV2V(~) {Fig 28), 
indicating the rescue of infectious recombinant hPIV2 
from the cDNA clone Then, the nucleotide sequencing of 
mutated site in rPIV2V(-} was performed using RT-PCR 
fragment covering the RNA-editing site in the P gene, 
and the rescue of rPIV2V(~~) from the cDNA clone was 
also reconfirmed (Fig 2B) 

To study whether the mutation (stop codon) introduced 
into the V gene of pPIV2 could fulfilled its function in virus 
transcription by the rPIV2 polymerase, we carried out the 
Western blot assay using the rPIV2V(-)- or rP)V2-irv 
fected Vero cell lysate and the specific monoclonal an- 
tibody against the IMP or the P/V protein of hPN2 (Tsu- 
rudome etal., 1989; Nishio etal, 1999) As shown in Fig 
2C f the rPIV2V(-) was found to synthesize no detectable 
V protein, whereas the NP and P proteins were clearly 
detected in the virus-infected cefls All these proteins 
were detectable in the rP!V2-infected cells Furthermore, 
the Jower-molecular-weight polypeptide (MW of — 24K) 
was detected only in rPIV2V(-)«infected cells {Fig 2C), 
and the polypeptides were considered to be Mike protein 
observed in mumps virus-infected cells (Paterson and 



Lamb, 1990}, indicating that gene manipulation of vRNA, 
namely, introduction of mutation, gets along well 

Gene expression and replication of rPIV2 and 
rPIV2V(~} in Vero cells 

Subsequently, we analyzed the growth of rPJV2 and 
rPIV2V(-) in Vero cells under multiple-cycle growth con- 
ditions {an mo.i of 0 001) Figure 3A shows rPIV2V(-} 
exhibits a slower kinetics than rP!V2 throughout the 
experimental period. The virus titer of rPJV2V{-) was 
reduced by 10- and 100-fold as many as that of rPIV2 at 
48 and 72 p i , respectively, that is, the virus yield of rPIV2 
was -3 x 10* TCID 50 /ml at 72 h pi, whfle that of 
rPIV2VM was -3 X 10 3 TClD 50 /ml at 72 h p i (Fig 3A), 
indicating that rPIV2V(-} is remarkably attenuated in 
Vero ceils 

Then, the viral polypeptides synthesized in rPIV2- and 
rP!V2V(-)-infected Vero cells under the multiple-cycle 
growth conditions were analyzed by Western blot assay 
using anti-hPIV2 NP and PA/ antibodies The level of NP 
and P protein synthesis was much higher in the 
rPIV2V(-)-infected cells <48 pi than that in the rPIV2- 
infected cells (Fig 3B). These findings exhibit a striking 
contrast to the virus yields (Fig 3A). Interestingly, how- 
ever, the protein synthesis of rPIV2 rapidly increased at 
72 h pi, while the synthesis rate of virus-specific pro- 
teins was gradually increasing in rPIV2V(-)-infected 
cells after 48 h p i The data also confirmed that the V 
protein was lacking in rPIV2V(-) 

In the next experiment the level of virus transcrip- 
tion and genome replication in the same infected cells 
was analyzed by RT-PCR/Southern The kinetics pat- 
terns between the virus proteins and mRNAs synthe- 
ses paralleled On the other hand, vRNA synthesis was 
not augmented in rPIV2V(~~Hnfected cells from 24 to 
48 h p i {Fig 3C) Intriguing ly t though the virus yield of 
rPIV2V(-) at 72 h p i was as many as that of rPIV2 at 
48 h p i t the synthetic quantities of the viral proteins 
and mRNAs of rPIV2V{--) at 72 h p i were more than 
those of rPIV2 at 48 h p i {Fig 3C), suggesting that the 
function of assembly and/or maturation of rPfV2V{~~) is 
insufficient 

Electron microscopical observation of the rPIV2 and 
rPlV2V(~) 

To further clarify an influence of V protein loss on 
the viral morphology, the virions of rPIV2, rPIV2V(~), 
and wtP!V2 grown in Vero cells were examined by an 
immunoelectron microscopy using mouse anthhPIV2 
HN monoclonal antibody, followed by labeling with 
goat anti-mouse IgG antibody-colloidal gold particles 
and negative staining The wtPIV2 and rPIV2 prepara- 
tions displayed a relatively homogenous population of 
spherical particles with a diameter of -100 - 200 nm 
(Figs 4A, 4B, and 4D), and mean diameters of wtP!V2 
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FIG 2 Identification of virus rescue by RT-PCR amplification and by Western blotting from rPIV2- or rP!V2V(-)-infected Vero celis (A) 
Demonstration of the genetic tag in the genome of transfectani recombinant viruses. rPIV2 and rPIV2V{-}; template RNAs for the amplifications were 
obtained from rPIV2V{-) {lanes 1 and 2). from rP!V2 (lanes 3 and 4). or from wtPIV2 (lanes 5 and 6) The amplified DNA spanning the Not\ site on the 
virus genome was separated on a 2% agarose gel before (lanes 1, 3. and 5) and after digesting with Not\ (lanes 2. A. and 6) (B) Nucleotide sequencing 

01 genetic tag and mutated site in the V gene from RT-PCR products: RT-PCR products of recombinant viruses shown in (A) were subcloned and 
sequenced on an ABI 310 sequencer according to the manufacturers protocols Top row shows the nucleotide sequences of the region around 
genetic tag and around RNA-editing site of rPIV2 genome RNA. Bottom row shows the nucleotide sequences over the same regions of rPIV2V(-) 
genome RNA (C) Absence of V protein synthesis in Vero cells infecled with the rPIV2V{-}: the lysates of Vero cells infected with the rPIV2V(-) (lanes 

2 and 5) or rPIV2 (lanes 3 and 6} were analyzed by Western blotting with hPIV2-specific monoclonal antibodies against PA/ (lanes 2 and 3) and NP 
proteins (lanes 5 and 6} Lane 1t molecular markers * indicate the degraded products of the P or NP protein 
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FIG 3 Replication of rP!V2 or rPIV2V(-) in Vera cells under multiple cycle growth conditions (moi of 0 001) (A) The virus growth of rPIV2 and 
rPIV2VM in Vero cells; alter infection with an m o i of 0 001. vims titers were determined at the indicated time points by CPE method using Vero cells 
and virus titers were expressed as 50% tissue culture infectious dose (TCIDJ The titer of rPtV2 is indicated by solid circles (#) and that of rPIV2V(-) 
by solid triangles (A) {B} Western blot analysis: expressions of the MP, P r and V proteins were analyzed in rPJV2V(-)*infected (lanes 2-4) and 
rP!V2-infected Vero cells (lanes 5-7) by Western blot analysis using anti-hPlVZ PA/ and anti-hPiV2 NP antibodies Lane 1: molecular markers (C) The 
kinetics by RT-PCR/Soutnern of viral mRNAs and genomic RNA derived from rPfV2V<-) or rPIV2 using hP!V2- and actin-specific probes Expressions 
oi the viral mRNAs and genomic RNA were analyzed In Vero cells infected with rPlV2V{~) or rPIV2 for 24. 48. and 72 h 




and rPIV2 were 175 and 185 nm, respectively, which 
shows the typical character of paramyxovirus virions 
Typical nucleocapsid strands were also clearly seen, 
and they were enclosed with the envelope as typical 
paramyxoviruses On the other hand, the rPIV2V(— ) 
particles consisted of greatly heterogeneous popula- 
tion, and mean diameter of rPIV2V{~) was 222 nm 
Furthermore, larger spherical particles with a diameter 
of -250 - 500 nm were frequently found (Figs 4C and 
4D) Diameter was significantly larger in rPIV2V(-) 
particles than in either wtPIV2 or rPIV2 particles (P < 
0 05). 



Growth of rPiV2 and rP!V2V(-) in CV-1 and FL cells 

It has recently been reported that the V protein of SV5 
inhibits interferon {IFN} signaling by targeting STAT1 
(Didcock et ai. t 1999) Thus, we investigated whether the 
growth of rPiV2V{-), which is defective in the unique 
V-specific cysteine-rich C terminus, was affected by IFN 
system Under multiple-step replication conditions with 
an m o i of 0 01, the growth of rPIV2V(-} in CV-1 and FL 
celis was compared with that of rP!V2. rPIV2 could rep- 
licate efficiently in CV-1 and FL cells, although maximum 
titers of rPIV2 in FL cells were reduced by — 1 0-fold as 
much as those in CV-1 cells (Figs 5A and 5B) On the 
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FIG 4 Electron microscopy of viral panicles (A~C) The purified virions of wtP!V2 (A). prPIV2 {B) ( and rPIV2VH (C) were observed by an eleciron 
microscopy using anii-hPIV2 HN monoclonal antibody. Bars indicate 100 nrn |D) The diameters of wtPIV2, rPiV2. and rPlV2VH virions were measured 



contrary, no growth of rP!V£V(~) could be detected in 
both cells Since Vero cells were regarded as an IFN 
nonresponder, we investigated whether the neutraliza- 
tion of the endogenousiy produced IFN might affect the 
yield of rPIV2V(-} in CV-1 and FL cells As shown in Figs 
5A and 5B, anti-IFN-p antibody shows no effect on the 
growth of rPIV2 in CV-1 and FL cells On the other hand, 
the yield of rPJV2V(-) was clearly enhanced in the pres- 
ence of antHFN~j3 antibody (Figs 5A and 5B), although 
maximum titer of rPIV2V(-} was lower than that of rPIV2 
These observations indicate that the rPiV2V(-) is highly 
sensitive to IFN and that no growth of rPIV2V(-) in CV-1 
and FL cells is mainly due to its hypersensitivity to 
endogenousiy produced FN 

When FL cells was infected with rPIV2V(-). CPE de- 
veloped during first 2 days and thereafter cell damage 
was cured (Fig 6A) t indicating that the growth of the V 
knockout hPIV2 in FL cells is self limited However, the 
cell damage induced by rPIV2V(-} was expanded in Vero 



cells as the infected cells were cultured and finally the 
greater part of the cells died (Fig 6A) On the contrary, 
infection of Vero and FL cells with rPIV2 resulted in the 
total cell death (Fig 68} Interestingly, anti-IFIM-0 anti- 
body partially enhanced the rPIV2V(-Hnduced CPE in 
FL cells These findings show that self-limiting growth of 
V{-) hPIV2 Is, in part, related to IFN 

DISCUSSION 

In this work, we established the recovery system of 
infectious recombinant hPIV2 (rPIV2} from the full-length 
cDNA constructs In addition, we isolated the V protein 
knockout hPIV2 [rPIV2V(-)] p which is defective in the 
V-specific cysteine-rich domain by introducing mutations 
(stop codon) into the full-length cDNA genome 

The genome length of members belonging to the gen- 
era Respirovirus and Rubulavirus is known 6n length, 
called the "rule of six" (Calain and Roux, 1993) However, 
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FIG 5 Growih of rPIV2 and rPIV2V(-} in CV-1 and FL cells CV-1 (A) and FL cells (BJ were infected with rP)V2 {#, A) or rP!V2V{-) (■. ♦) under 
multiple-cycle growth conditions {an mo i of 0 01) in the presence f— } or absence (— } of antHFN-/3 antibody The virus titers were determined at 
the indicated time points by CPE method using Vero celts and vrrus titers were expressed as 50% tissue culture infectious dose (TCID t3 ) 



the previously reported hPIV2 genome length were not 
6n length Hence, at least three different RT-PCR clones 
of hPIV2 were sequenced, and one nucleotide deletion 
was found in 3'-noncoding region of HN gene in previ- 
ously reported hPiV2 sequence (data not shown) This 
result indicated the total number of nucleotides in the 
correct hPIV2 genome was a multiple of six For SV, it 
was found that efficient replication of the genome only 
occurred when the total nucleotide numbers obey the 
u rute of six" {Calain and Roux, 1993) However, Murphy 
and Parks (1997) suggested that the genome of 6n length 
was a preference but not absolute requirement for SV5 
replication Although the full-length cDNA used for the 
rescue of rPIV2 was not 6n length {15,665 nt including 
genetic tag), infectious virus could be isolated, and the 
recombinant virus could efficiently replicate in various 
ceils The full-length cDNA has one nucleotide deletion 
in the 3'-noncoding region of M gene Nevertheless, the 
replication and transcription of rP!V2 showed the kinetics 
comparable to wtPIV2 (unpublished data) Thus, likewise 
SV5, hPIV2 does not appear to absolutely obey to the 
"rule of six/ 1 suggesting that 6n length genome has less 
significance in Rubulavirus than in Respirovirus 

For the rescue of hPIV2 from cDNA, we used the 
strategy performed by Schnell et al (1994), who trans- 
fected the anti-genome RNA strand of rabies virus to the 
cells The rescues of infectious recombinant virus from 



cDNAs of SV and hPIV3 in the genus Respirovirus, SV5, 
MuV, and NDV in the genus Rubufavirus have recently 
succeeded by application of their system To establish 
the recovery system of hPIV2 from cDNA clone, we 
employed the methods that were used for the isolation of 
recombinant SV5 cfosely related to hPIV2 (He et a/., 
1997} Since the efficiency of the rescue of rP!V2 was 
poor as compared with other recombinant viruses, we 
were not able to isolate infectious virus in the superna- 
tant of first cells (-5 x 1Q C ) transfected with plasmids 
complex Accordingly we attempted to coculture whole 
transfected cells with fresh Vero cells {the ratio of 1:1 ) for 
2 days After this cocuitivatioa we could isolate a few 
infectious viruses In the culture fluids 

The P gene is the second proximal to the 3' terminus 
in virus genome in the family Paramixoviridae and fre- 
quently encodes one or more other small polypeptides, 
and also RNA-editing to insert pseudotemplated G resi- 
dues is found for all the three paramyxovirus genera The 
C protein translated from an overlapping open reading 
frame of P protein exists in two respirovirus, SV and 
hPIV3 {Giorgi et at, 1983; Spriggs and Collins, 1986) In 
Respirovirus, other than hPIV1 (Matsuoka et at, 1991), 
the P mRNA is correct transcript from the vRNA, and the 
V mRNA is edited mRNA In rubulavirus including hP!V2, 
however, the G ORF is missing, the V protein is encoded 
by the faithful copy from the vRNA, and the P protein is 
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FIG 6 Cytopathogenic effect induced by rPIV2 and rPIV2VH CV-1 
and FL cells were infected with rPIVZV(-) (A) or rPlva (B) under 
imuliiple-cyde growth conditions (an mo.s of 0 01) in the presence or 
absence of amMFN-p antibody After incubation for 24. 48. and 73 h. the 
cells were fixed and stained with Giemsa's solution 

encoded by the mRNA after pseudotemplated transcript 
tional addition of nucleotides Furthermore, the hPIV2 V 
protein is a structural protein detected in the virion (Ohgi- 
moto et al. t 1990), whereas the V and C proteins of SV 
were nonstructural proteins (Lamb and Choppin, 1977) 
Kato et af (1997) reported that V{~) SV showed remark- 
ably attenuated in vivo replication capacity and pathoge- 
nicity for mice and proposed that the V protein has a 
luxury function required for in vivo replication In addition, 
Gotoh et at (1999} have recently reported that the 4C 
knockout SV completely loses the ability to suppress the 
IFN signaling However, the cells infected with V(-) SV 
showed a high resistance to IFN activity (Gotoh et af t 
1999) These findings show that the C protein plays an 
important role in blocking IFN-mediated cellular re- 
sponses 



On the contrary, Didcock et af. (1999) have reported 
that expression of the SV5 V protein, a structural protein, 
inhibits IFN signaling and induces the degradation of 
STAT1 in the absence of other virus proteins However, 
since the expression of only SV6 P protein sharing the 
first 164 amino acid with V protein did not block the IFN 
signaling (Didcock et ah 1999), we speculated that the 
V-protein-specific cysteine-rich region participates in 
blocking the IFN signaling Therefore, we created 
rPIV2V(-} devoid of the V-specific cysteine-rich domain 
and analyzed the properties of rP!V2V(~) The rPIV2 
could efficiently replicate in Vero, CV-1, and FL cells, 
white rPIV2V(-} drd not multiply in CV-1 and FL cells at 
all The rPIV2VH is able to grow in only Vero cells 
known as IFN nonresponders In rPiV2V(-)~infected FL 
cells, the growth of rPjV2 was dearly recovered, though 
of lower yields, by adding anti-IFN-j8 antibody to the 
supernatant of those cells These findings indicate that 
no replication of rPfV2V(~~) in CV-1 and FL cells is mainly 
due to interference by the endogenously produced IFN 
during the course of infection, and the resistance against 
IFN can not be induced by infection with rPIV2V{~). This 
shows that the V-specific cysteine-rich C terminus of the 
hPIV2 V protein, composed of 58 amino acids, pos- 
sesses the function blocking the antiviral action by IFN 
Kurotani et af (1998) have reported that the SV C 
proteins are categorically nonessential gene products 
but greatly contribute to full replication in tissue culture 
cells and pathogenicity for mice Furthermore, Hasan et 
af. (2000) have reported that the accessory and basically 
nonstructural C proteins are critically required in the SV 
assembly process, being out of all relation to function to 
counteract the antiviral action of interferon-cr/0 Since 
Vero cells are known as an IFN nonproducer, we inves- 
tigated whether relatively low virus yield of rPIV2V(— ) in 
Vero cells was related to the inefficient assembly of the 
rPIV2V(-) Under the multiple-cycle growth conditions, 
rPIV2V{~~) slowly replicated in Vero cells, and the virus 
yield was reduced by -1 log (48 h p i ) and 2 logs (72 h 
p i ) lower than those of the rP!V2 On the other hand, the 
syntheses of viral rnRNAs and proteins were larger in 
quantity in rPIV2V(~~) infection than that in rPIV2 infection 
until 48 p i , while at 72 h p t , the situation was reversed 
Furthermore, there were no differences between the 
vRNA syntheses of rPIV2V(~) at 24 and at 48 h p i , while 
amounts of other viral components increased together 
from 24 to 48 h pi These findings indicate that the 
infecttvlty of the progeny virus of rP(V2V{~-) decreases 
but genomic RNA synthesis ability of rPIV2V(-) is not 
impaired Also, though the infective titer of rPIV2V(-) at 
72 h p i was almost the same with that of rPfV2 at 48 h 
pi, the synthetic quantities of the viral proteins and 
rnRNAs of rPIV2V(-) at 72 h p i were clearly detected 
with much larger than those of rPiV2 at 48 h p i These 
suggest that the assembly process is impaired in 
rPIV2V(-)-infected cells This speculation was sup- 
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ported by observation of viral morphology using an inv 
munoelectron microscopy The rPIV2 and wtPIV2 showed 
the typical character of paramyxovirus, possessing a 
relatively homogenous population of spherical particles 
with a diameter of -100-200 nm, whereas rPIV2V{-) 
displayed the heterogeneous population, and large 
spherical particles (250-500 nm) were frequently found 
Thus, it ts inferred that the V-specific cysteine-rich do- 
main of C terminus of V protein plays an important role in 
the assembly, maturation, and morphogenesis of hPIV2 

As described above, the hPIV2 V protein will be 
required in the assembly and maturation process In 
paramyxoviruses, the M protein has been thought to 
pjay a critical role in assembly and maturation The C 
protein of SV responsible for virus assembly colocal- 
ized with the M and HN proteins perfectly and pretty 
well, respectively (Hasan et al, 2000) Furthermore, 
the internal proteins, the P and L proteins, were found 
to distribute diffusely throughout the cytoplasm and 
HN tended to aggregate on the cell surface in 4C{-} 
SV-infected CV-1 cells (Hasan et at., 2000) On the 
contrary, the V protein of hP!V2 was detected dorni- 
nantly in the nucleus (Watanabe et at, 1996) and has 
an ability of associating with the internal protein, NP 
protein (Nishio et aL, 1996). When Vero cells were 
infected with rP!V2V(-~) and stained with anti-NP or 
anti-P antibody, both viral proteins were found to dis- 
tribute granularly throughout the cytoplasm similar to 
those found in rPIV2 and wtPIV2 (data not shown) 
Subsequently, the HN protein was stained on the 
rPIV2~ and rPIV2V{-)-infected cells The staining pat- 
tern of rPIV2V(-) HN protein was different from that of 
rPJV2 HN protein; that is, the specific fluorescence 
was glanular in rPIV2-infected cells, while il showed 
diffuse pattern in rPIV2V(-)-infected cells (unpub- 
lished data) However, the distribution pattern of the M 
protein could not be identified due to low titer of our 
antibody It remains to be defined whether the asso- 
ciation of the V protein with the HN or M protein is 
required for the assembly processes 

Several properties have been ascribed to the V protein 
of Paramyxovirus The V protein of hPJV2 has one binding 
domain to the NP protein in the P^V common domain, 
which is located in the N-terminal region, aa1-46 (Nishio 
eta!, 1996) The V protein in the cells infected with hPIV2 
or transfected with the V-specific cDNA clone localized in 
the nuclei of the cells (Watanabe et at, 1996; Nishio et ah 
1997, 1999) Two noncontiguous regions in the hP!V2 V 
protein, aa1-46 and aa175~196 {cysteine-rich V-specific 
domain), are required for nuclear localization and reten- 
tion (Watanabe et at, 1996) The V protein of SV5 also 
interacts with both viral NP and cellular proteins (dam- 
age-specific DNA binding protein) (Lin et a!. t 1998) Re- 
cently Lin and Lamb (2000) have reported that slow 
progression of the cell cycle is observed in the cells 
infected with SV5 or expressing the SV5 V protein In 



addition, the V protein of SV5 has been recently reported 
to be responsible for the virus-mediated inhibition of IFN 
signaling (Didcock etal, 1999) We clarified in this study 
that the V protein of hPIV2 also has an ability of coun- 
teracting IFN action Young et al (2000) have recently 
reported that there is a specific loss of STAT2 in hPIV-2- 
infected cells Furthermore, the V protein of hPIV2 was 
found to be related to virus assembly and morphogene- 
sis 

In summary, we established the reverse genetic tech- 
nique of hPIV2 and isolated infectious recombinant vi- 
ruses from the cDNA clones Furthermore, we isolated 
and analyzed the V protein knockout hPIV2. Replication 
of rPIV2V(-) was self-limiting in the culture cells At least 
two mechanisms play important roles in selMimiting 
growth of rPIV2V(~), namely, (1) the rPIV2V(~-} is highly 
sensitive to IFN and that no growth of rPIV2V(~) in CV-1 
and FL cells is mainly due to its hypersensitivity to 
endogenously produced IFN and (2) virus assembly is 
impaired in rPIV2V(-)-infected cells 

MATERIALS AND METHODS 
Cells and virus preparations 

Monolayer cultures of Vero, CV-1, and FL ceils and 
human parainfluenza type 2 virus (hPIV2), Toshiba strain, 
were used in this study Virus propagation and purifica- 
tion were performed as previously reported (Ito et a/, 
1987) Chick embryo fibroblasts (CEF) were grown as 
described previously (Ito et al, 1974) Modified vaccinia 
virus Ankara (MVA) expressing bacteriophage T7 RNA 
polymerase, which was kindly provided by Dr. Bernard 
Moss (National Institutes of Health, Bethesda, MD) was 
grown in CEF cells (Sutter et a( t 1995; Wyatt et al., 1995) 

Reverse transcriptase-PCR amplification (RT-PCR) 

Total RNA was extracted from hPIV2-infected Vero 
cells using TRIZOL Reagent (Gibco-BRL), according to 
the manufacturer's protocol Reverse transcription (RT) 
was performed with Superscripts (Gibco-BRL) The oli- 
gonucleotide primers that annealed to the vRIMA(-) 
strand were described in Table I Before reverse tran- 
scription, 5 }jlq of RNA and 20 pmol of primer were 
incubated at 70°C for 5 min and then chilled on ice RT 
reaction mixtures contained this heat-denatured RNA 
and 200 U reverse transcriptase in a final volume of 20 /xl 
were incubated at 42°C for 45 min Five to 10 jnl of RT 
product was then amplified in PGR reaction (a total 
reaction volume of 50 using appropriate oligonucle- 
otide primer pairs (see Table 1 and Fig 1) Briefly, the RT 
product and the primers were preheated at 94°C for 1 
min and then subjected to 30 cycles, each cycle at 9B°C 
for 30 s and 68°C for 15 min using Takara LA Taq DNA 
polymerase 
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Construction of a full-length cDNA of the hPIV2 
genome 

To facilitate the ligation of long RT-PCR products, we 
improved the multi-cloning site (MCS) in pUC1 18 plasmid 
vector Namely, the MCS was replaced with the following 
double strand oligonucleotides. 5 ' -G A ATTC G ATATCGTC- 
GACGCATGCGAGCTCAGATCTGCG GCCGCGGTACC- 
CTCGAGGGTTACCGGATCCCCCGGGAAGCTTGGG-3', 
annealed to its complementary oligonucleotide The re- 
suiting restriction enzyme site order is 5^&oRh£coRV- 
Sal\-Sph\-Sac\-Bgt\l~Not\'Kpn\-Xho\-Bsm-BamH\-Sma\* 
Hin6\\\~3' We named this improved vector pUCRVG We 
synthesized appropriate oligonucleotide primer pairs as 
shown in Table 1 and performed the RT-PCR using vRNA 
as a template As shown in Fig 1, cDNA fragment 1 of 
five RT-PCR products overlapping at the restriction en- 
zyme site was amplified by PGR using the primer 1 
(positive sense), which included b'-Sall site-T7 promoter 
(17nt)-3G~hP!V2 leader sequence (21 nt), while the primer 
2 (negative sense) contained 5 f -Not\ site (extra nucleo- 
tides for genetic tag)~AGAT (extra nucleotides for rule of 
six)-cornpiementary to hPIV2 nt 102-125 Likewise, frag- 
ment 2 was amplified using the primer 3 including 5'- 
A/ort-hPIV2 nt 126-151 (on NP gene) and the primer 4 
including complementary to hPIV2 nt 2659-2691 (con- 
taining Sac\ on V/P gene) Fragments 3 and 4 were 
amplified using the primer pairs 5 {nt 2659-2691} and 6 
(complementary to nt 8122-8154) and 7 (nt 8122-8154) 
and 8 (complementary to nt 10.012-10,045) containing 
the restriction enzyme sites described above, Sac\, Kpn\ t 
Kpn\ and BstPl respectively Fragment 5 was amplified 
using the primer pairs 9 (nt 10,012-10,045) and 10, which 
included the sequence complementary to 5'-Sma\ site- 
hepatitis delta virus ribozyme {84 nt)-hPIV2 trailer (27 nt) 
These RT-PCR fragments were digested with restriction 
enzymes in both termini and subcloned into pUC118RVG 
plasmid vector Then the piasmid including the full-length 
hPIV2 cDNA genome (pP!V2) was constructed by step- 
wise assembly from these subdoned plasmid DNAs 
using standard molecular biology techniques 

Construction of hPIV2 genome cDNA devoid of V 
gene 

To generate a stop codon in 8 nt downstream of the 
RNA-editing site of the V gene, one nucleotide change 
(AG A to TGA) was introduced into the plasmid pPIV2 
containing the cDNA copy of the full-length hPIV2 anti- 
genome Consequently, the following primers, a pair of 
complementary oligonucleotide primers, (B'-GG- 
GAGCTAATtG AG AAAG AG CAAG-3 ' and 5'^CTTGCTCTT- 
TCTCaATTAGCTCCC-3'), which contained a mutation 
(shown by lower-case letters) and outer primers, 5'- 
G CTGTTCTA ACTAGTG C AG CGGAT-3' {including Spel 
site) and 5 '-CAAGTCCCTTFAAGAGGTCAATG ATCTC- 
CTTC A-3' {including Sac\ site) were used for generation 



of the mutated DNA fragment by two-step PCR-based 
overlap primer extension (Steffan et al., 1989) PCR was 
performed with the template, pP!V2, for 25 cycles of 
94 0 C, 1 min, 60°C, 1 min, and 72°C, 1 min The amplified 
fragments were digested with Spel and Sac\ and in- 
serted into similarly digested plasmid including the RT- 
PCR fragment 2 described above (Fig 1) and then simi- 
larly inserted into pP!V2 digested with Not\ and Sac\ 
This plasmid was designated pPIV2V(-). 

Transfection and recovery of viruses from cDNAs 

Vera cells at 90-95% confluence in a six-wells plate 
were infected with MVA at an m o i of 1, and after 2 h, the 
plasmid pPIV2 and the plasmids encoding NP, P, and L, 
which were under control of T7 promoters in biuescriptll 
vector (p2NP r p2P, and p2L, respectively} were trans- 
fected into cells with LIPOFECTAMINE 2000 Reagent 
(Gibco-BRL) The amounts of plasmids were as follows: 
1 jitg pPIV2, 2 fig p2NP f 0 25 jug p2P, and 2 jug p2L per 
well. After incubation for 6 h, the transfection media were 
changed to MEM containing 5% fetal calf serum After 
incubation for 40 h at 37°C. the cells were detached and 
harvested by a cell scraper and then were cocultured 
with fresh Vero cells After 2 days of incubation, the 
media were harvested and then further inoculated into 
Vero cells, and the supernatant was filtered through 0 22 
fihA filter to remove MVA High-titer virus was generated 
by infecting Vero cells or CV-1 cells, which was used as 
the stock virus for all the experiments The hPIV2 recov- 
ered from pPIV2 cDNA was designated rPIV2 Also T the 
hP)V2 recovered from pPIV2V{~) cDNA by using the 
same manipulation was designated rPIV2V{-) 

RT-PCR/Southern blot analysis 

Total RNA was extracted with Trisol reagent {Gibco- 
BRL} RNA yields were determined spectrophotometri- 
cally. The RNA from rPIV2- or rPIV2V(-)-infected cells 
was examined using RT-PCR followed by Southern blot- 
ting with an hPIV2-specific radioactive probe Five-micro- 
gram aliquots of each RIMA preparation were reverse 
transcribed by the Superscript!! reverse transcriptase 
(Gibco-BRL) and oligo dT- or primer 1 (Table 1) in a 
reaction volume of 20 ji\ Five microliters of RT products 
were used as PCR templates The rPIV2 or rPIV2V{-)- 
specific fragment was amplified with the appropriate 
primer Thermal cycling conditions were as follows: the 
reaction mixture was incubated at 94°C for 1 min fol- 
lowed by 15 cycles of 94°C for imin, 60°C 1 min, and 
72°C for 1 5 min using Takara EX Tag DNA polymerase in 
a reaction volume of 100 jx\ 

After PCR amplification, 10 fi\ of the total reaction were 
fractionated on a 1% agarose ge^ and transferred onto 8 
Hybond N + membrane (Amersham) under alkaline con- 
ditions The RT-PCR products were visualized by South- 
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em hybridization with the hPIV2- and aciin-specific 
probes 

Western blot assays and antibodies 

The virus-infected ceils were washed twice with PBS, 
dissolved with 100 jllI of sample buffer [100 mM Tris-HCi 
(pH 6 8), 4% SDS, 20% glycerol, 01% brompheno! blue, 
10% 2-mercaptoethanol] per well in 12-wefl plate and 
sonicated Twenty-five microliters of the 100 pi cell ty- 
sates were analyzed by SDS-PAGE and electroblotted 
onto nitrocellulose membranes The membranes were 
blocked with 5% skim milk in PBS, treated with each 
monoclonal antibody (MAb) at room temperature for 1 h, 
washed three times with 0.05% Tween 20 in PBS (PBS/T), 
and treated with biotinylated secondary antibody for 30 
min After washing with PBS/T, the membranes were 
treated with avidin-bsotin-peroxidase complex (Vector 
Laboratories) at room temperature for 30 min After 
washing with PBS f the membranes were immersed in 
PBS containing 0 3% 4~chloro-1-naphthoi and 0 009% fry- 
drogen peroxide For Western blot assays, MAbs against 
hPIV2^NP (64-1 A) and -PA/ (315-1) (Tsurudome et a/, 
1389) were used 

Virus purification 

When the virus-infected Vero cells showed extensive 
CPE, a large amount of culture supernatant (500 ml) of 
the cells was collected and then was centrifuged at 1500 
g for 5 mm at 4°C The surpernatant was centrifuged 
again at 10.000 g for 12 h at 4°C The virus pellet resus- 
pended in TNE buffer [50 mM Tris-HCI (pH 7.5). 150 mM 
NaCI, 1 mM EDTA] was layered on a 5Q%/20% (w/w) 
discontinuous sucrose density gradient in TNE buffer 
and centrifuged at 100,000 g for 12 h at 4 D C Sucrose 
fraction (1 mi) was collected from the interface between 
50 and 20% sucrose. The sucrose fraction was diluted in 
12 ml of PBS (pH 7 4). and spun down at 100,000 g for 2 h 
at 4°C The pellet was suspended in 100 $ of PBS 

Electron microscopy (EM) and immune electron 
microscopy (I EM) 

For conventional EM, 3 \x\ of each virus sample was 
applied to Formvar- coated and carbon-vaporized grids 
and then negatively stained with 2% phosphotungstic 
acid {pH 6 5) The grid was assessed using a Hitachi 
H-800 electron microscope I EM was performed using 
mouse anti-hPIV2 HN monoclonal antibody as a primary 
antibody, and goat anti-mouse IgG colloidal gold parti- 
cles (5~nm diameter; BioCell Research Laboratories, 
Cardiff, UK) as a secondary antibody Briefly, 3 /xl of each 
virus sample was adsorbed on the grid and then the 
semidried grid was floated for 5 min on a drop of TBS- 
BSA [100 mM Tris-HCI (pH 76), 150 mM NaCI, and 2% 
bovine serum albumin] placed on a parafilrn in a moist 
chamber The grid was then floated for 30 min on a drop 



of TBS containing 3% gelatin and then the excess of 
gelatin was washed away from the drop of TBS-BSA 
The grid was incubated for 60 min on a drop of primary 
antibody solution (diluted 1:100 in TBS-BSA) at room 
temperature and then washed three times with TBS- 
BSA After incubating the grid for 60 min in a drop of 
secondary antibody solution (diluted 1:20 in TBS-BSA), 
the grid was washed three times with TBS-BSA and 
once with TBS. The grid was negatively stained with 2% 
phosphotungstic acid for observation by an electron mi- 
croscope 

Viral replication in the presence of anti~IFN-/3 
antibody 

FL and CV-1 cells grown in 12-welS plated were in- 
fected with rPIV2 or rPIV2V(-) at an moi of 0 01. After 
2 h of incubation, the inocuium was removed, and the 
cells were further cultured with MEM (supplemented 
with 1% FCS) containing antibody against human IFN~£ 
(800 U/ml) or no antibody At 24, 48, and 72 h p i , the 
titers of the virus were determined by CPE method using 
Vero ceils, and virus titers were expressed as 50% tissue 
culture infectious dose (TCID 50 ). 
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